Objectives: To determine the prevalence of women who delivered in the two major sickle cell syndromes, "SS" and "SC", and to identify maternal and early neonatal prognosis inherent to each form. Material and Methods: This is a comparative, descriptive and retrospective cross-sectional study of 226 files of women carrying major sickle cell syndrome (66 cases of "SS" form versus 160 cases of "SC" form), collected from May 2008 to May 2013 at the Gynecology and Obstetrics Clinic of the Sylvanus Olympio's University Hospital of Lomé. Data were processed by Epi Info 6 software. For comparison of variables, the Chi-2 test of Fisher with significance as p < 0.05 has been used, so is the calculation of Odds Ratio with its confidence interval at 95%. Results: Carriers of the two major sickle cell syndromes represent 0.8% of all the deliveries during the study period. Caesarean section, especially prophylactic one, was the dominant mode of delivery. The SS forms have been exposed to have more vaso-occlusive crises (22.7% vs. 13.1%; p = 0.04, OR = 0.31), more blood transfusion (57.6% vs. 29.4%; p = 7 × 10 −5 , OR = 3.2) and more puerperal infections (p < 0.05). Acute chest syndrome was not related to any of the two forms of sickle cell disease (13.6% vs. 8.1%; p = 0.15). The maternal mortality rate and the perinatal mortality among SS form against SC form were not significant (respectively 15.1% vs. 8.7%; 20.9% vs. 17.1%). Conclusion: Maternal and fetal complications were present in both forms of major sickle cell syndrome but the "SS" form gave exposure to greater maternal morbidity. Resuscitative measures in adults and newborns should be reinforced at the delivery time of these "at-risk-pregnancies".
Introduction
Sickle cell disease is a genetic disorder of the hemoglobin (Hb) characterized by the presence of an abnormal hemoglobin, highly concentrated in red blood cells. It is an autosomal recessive disease caused by mutation of the β-globin gene (substitution of valine for glutamic acid at position six in the β chain of hemoglobin-globin), responsible for the synthesis of the pathological hemoglobin "S" (HbS). The structural modification of the hemoglobin then promotes its polymerization which leads the red blood cell to sickling and then to microvascular occlusions [1] [2] .
The term "sickle cell syndrome" initially restricted to "SS" homozygous subjects also relates now to compound heterozygous SC and Sβ thalassemia. Sickle cell syndrome with the thalassemia represents the most common genetic diseases in the world and preferably among black populations [3] . The pathological hemoglobin "C" (HbC) also comes to sickle because of its glutamic acid to lysine substitution at position six in the β-globin chain. People with hemoglobin "C" are localized concentrically to the whole voltaic tray region of West Africa, where heterozygosity SC can be as found as homozygosis SS [4] . Individuals who are homozygous for the sickle cell hemoglobin (HbSS) or heterozygous (HbSC) have various signs and symptoms that characterize the two forms of the disease.
In 2011, the World Health Organization estimated that 5% of the world population carried the characteristic genes of this type of hemoglobin disease [5] . In West Africa, 30% to 40% of the population is concerned [6] with these genes.
Formerly discouraged, motherhood has increased among women with major sickle cell syndrome because of the considerable progress made in the management of this disease [7] . Whether in homozygous "SS" or in composite forms as heterozygous "SC", pregnancy, childbirth and the postpartum period remain a high-risk situation. This is due to chronic hypoxia and vaso-occlusive phenomena that occur in the microcirculation, both maternal and fetal [8] . Pregnancy allows acute complications such as sickle cell vaso-occlusive crises, acute chest syndrome, or severe chronic anemia [9] . Maternal death rate due to sickle cell diseases in pregnancy is up to 11.4% [10] . Fetal death in utero, intrauterine growth restriction, prematurity, acute fetal distress and intrapartum fetal death are common [9] .
In Togo, about 16.1% of the population is affected by sickle cell disease (homozygous forms "SS" are 1.3% and heterozygous forms "SC" are about 2.6%) and each year, approximately 6000 new births affected by sickle cell disease are recorded [11] [12] . Sylvanus Olympio teaching hospital's maternity is to date the first reference center in Lomé (Togo) in sickle cell disease management during pregnancy.
No studies illustrating the influence of each form (SS and SC) on maternal and perinatal prognosis are available. This work was initiated in an effort to help improve the prognosis of delivery of major sickle cell syndrome carriers. It aims to compare maternal and neonatal prognosis of delivery between the SS homozygous and SC heterozygous.
Materials and Methods
This study was conducted at the Gynecologic and Obstetrics Clinic of Sylvanus Olympio University Hospital of Lomé. This clinic is currently the first national reference center for diagnosis and management of hemoglobin disorders during pregnancy. It is a rank "A" maternity, providing full emergency obstetrical and neonatal care (full EmONC) and receiving patients referred from various health facilities in Togo.
According to the protocol of the service, in terms of pregnancy associated with major sickle cell disease, an elective caesarean section was systematically done for each term of pregnancy exceeding 36 weeks of amenorrhea, unless childbirth was imminent (cervical dilatation was ≥ 7 cm and fetal presentation was eutocic and engaged). If the hemoglobin level was <9 grams/deciliter during childbirth or in case of cesarean delivery, blood transfusion was done systematically in these patients with two bags of 450 milliliters of packed red blood cells. Inpost-partum or post-operatively, the protocol recommended a double prophylactic antibiotic (Ceftriaxone or Clavulanic acid-Amoxicillinplus Metronidazole) associated with a low molecular weight heparin (4000 IU Enoxaparin sodium subcutaneously per day for at least 6 days).
According to the organization of the health system, outside of the kit of caesarean operation which was subsidized, all other emergency medications were facing the responsibility of parents accompanying the patient. They were required to bring from the pharmacy, the prescribed products before starting the emergency care. At the time of this study, blood exchange transfusions were not performed during pregnancy or childbirth in women with sickle cell disease in the center.
This study is a cross-sectional comparative and retrospective study conducted over a period of 5 years (from May 2008 to May 2013). Two hundred and twenty-six (226) birth records files from major sickle cell anemia mothers (SS or SC) were collected.
Were included in this study: the records files of all sickle cell SS and SC women who delivered during the study period in the Gynecologic and Obstetrics Clinic of Sylvanus Olympio University Hospital. The diagnosis of the two major sickle cell disease SS and SC was affirmed by electrophoresis of hemoglobin (part of prenatal assessment). Were included, all women with a gestational age at/or greater than 28 weeks of amenorrhea and carrying the two major sickle cell disease.
The variables studied were the socio-demographic aspect and the maternal and neonatal prognosis. Data collection was made with a pre-established survey form document by reviewing obstetrical records, admission and hospitalization records of the Gynecologic and Obstetrics Clinic of Sylvanus Olympio University Hospital and those of the neonatology service.
Statistical Analysis
The data were processed with EPIINFO software 7. The "Chi 2" Exact Test of Fischer was applied to establish significance between variables (if p value <0.05). The calculation of Odds Ratio (OR) has been used to estimate the correlation among significant variables. The results were expressed with a confidence interval (CI) of Odds Ratio at 95%.
Results

Prevalence of Sickle Cell Delivery
During the 5 years, it was recorded 27951 deliveries of which 226 from women with the two major hemoglobin diseases; a total prevalence of 0.8%. Among women with sickle cell disease, there was 66 (0.23%) of SS group and 160 (0.57%) of SC group.
Socio-Demographic Data
Age, profession and education level data were represented in Table 1 . The average age in homozygous SS was 25.43 years with extremes of 18 and 40 years. In heterozygous SC, the average age was 26.95 years with extremes of 17 and 42 years. As far as education is concerned, the secondary level was most represented in both groups.
According to Table 1 , childbirth in major sickle cell syndrome occurred in most young women (less or equal to 30 years with secondary level education (in the two groups) and low socio economic status (there were a high proportion of housewives in "SS" forms and enough liberal profession in the two groups).
Maternal Prognosis
Prematurity and route of delivery depending on the type of sickle cell disease are shown in Table 2 . The type of sickle cell disease did not influence the pregnancy term of delivery (p < 0.05); the majority of SS patients (68.2%) and SC (76.9%) had given birth at term (over 37 weeks of amenorrhea).
Upon admission to maternity, 47% of patients SS against 57.5% SC were already in labor. The type of sickle cell disease did not influence significantly (p < 0.05) the mode of delivery.
Among the proportion of women who delivered by cesarean section, prophylactic caesarean was rated significantly (p = 0.02; OR = 2.12) in sickle cell SS (59.2%) than SC (40.6%). The indications for emergency caesarean section are reported in Table 3 . According to this table, the indications relating to vaso-occlusive crises, severe preeclampsia and eclampsia have been significantly influenced by the "SS" type of sickle cell disease. 
Complications of Postpartum Period
In postpartum period, many complications were found according to the type of sickle cell disease and have been collected in Table 4 . Anemia, vaso-occlusive crises and urinary tract infectious complications were found more in sickle cell SS than SC (p < 0.05). The type of sickle cell disease did not influence the onset of acute chest syndrome or eclampsia.
Blood Transfusion-Maternal Survival
According to the results in Table 5 , SS sickle cell carriers were more transfused than SCones (p = 0.00007; OR = 3.2) and the type of sickle cell disease did not influence the vital prognosis of the mothers (p < 0.05). The maternal mortality rate was 15.1% in the SS genotype against 9.7% in the SC genotype.
Cause of Maternal Deaths
The various causes of maternal deaths were listed in Table 6 . The main causes of maternal death were acute chest syndrome with a respective 40% and 35.7% for SS and SC (p < 0.581; not significant), anemia and decompensation with respective rates of 30% and 28.6% among sickle cell SS and SC.
Neonatal Prognosis
During the period of the study, it was recorded 67 births in SS sickle cell (65 singleton births with one twin birth) and 164 births in sickle cell SC (156 singleton births with 4 twin births). The status of the fetus at birth was reported in Table 7 . It has been noticed more deaths in utero for SC sickle cell than for the SS ones (7.9% vs. 1.5%; p < 0.05). Perinatal mortality was 209 per 1000 births among the SS as against 171 per 1000 births among the SC form. Compared with SC sickle cell, the SS sickle cell carriers have given birth to more children whose weights were less than 2500 g (p < 0.011; OR = 2.08).
Discussion
The retrospective nature of this study has, somehow, limited some aspects of the prognosis of delivery among major sickle cell disease women. Because many biological analysis (as liver, kidneys and blood coagulation explorations) were not available in most of the recorded files. The comparison of these analysis in the two groups could have enlarged the chances of findings in this study on sickle cell disease women's delivery. During the study period, 0.80% of deliveries performed in the center concerned women with major sickle cell disease, 0.23% of SS against 0.57% of SC. There were a preponderance of the heterozygous form SC; as it had already been reported by Rahimy et al. [13] in Benin and Addai et al. [14] in Ghana. The high mortality of SS sickle cell subjects compared to SC sickle cell could be explained by the fact that very few SS sickle cell patients usually reach the age of motherhood. Each year, more than 500,000 children are born with sickle cell disease, including 300 000 in Africa, half of all children in Africa will die before the age of 5 years [4] .
In socio-demographic terms, the age range of 25 -29 was the most represented in both groups with a mean age of 25.43 years for SS mothers against 26.95 years for SC. These results are similar to those of Muganyizi and Kidanto [10] in Tanzania but they are still low, compared to those of Rahimy et al. [13] (28 years for SS and 27.9 years for SC). Although studies have shown a lowering of the age at first menstruation in sickle cell, it did not show an impact of the disease on the age at first pregnancy [15] [16] .
Sickle cell disease being a chronic illness, financial support remains heavy and often at the charge of the family especially those with socially disadvantaged background [17] . This financial support is most often done to the detriment of schooling; this could help to refer to the high proportion of secondary school level women in both series. Furthermore, repeated absences from work (due to the frequent hospitalization) can destabilize professional life leading to casualization and difficulties in finding a stable job. Accordingly, housewives were more represented in group SS (50%) than SC (21.9%) where the disease is less disabling and sometimes fortuitously discovered. The type of sickle cell disease did not affect the term of pregnancy at childbirth (p > 0.05); the majority of both SS and SC patients had carried their pregnancies to term. At the admission time in maternity for childbirth, 47% of sickle cell SS were in labor against 57.5% of SC. Caesarean section rate was 74.2% among SS against 66.3% among SC. The SC sickle cell disease women were in childbirth labor at the time of their admission to maternity (57.5% vs. 47%; p > 0.05) and have had more deaths in utero (7.9% vs. 15%; p = 0.05). This could be explained by the fact that they have had fewer caesarean sections in emergency, compared to those with SS form. However, the caesarean section rate in this study was similar to that found by Ngo et al. [18] (73.6%) but it is still high, compared to the literature data [13] [19] . The high rate of caesarean section found in this study relates to the protocol of the Gynecology and Obstetrics' service in the hospital, which recommended prophylactic caesarean section in any major sickle cell disease women from 37 weeks of amenorrhea. Indeed caesarean was scheduled in 59.2% of cases of SS sickle cell and 40.5% of cases of SC sickle cell. In emergency, the type of sickle cell disease influenced the caesarean indications. SS sickle cell were more operated for severe preeclampsia (35% vs. 11.1%; p = 0.01) and eclampsia (20% vs. 3.2%; p = 0.02) than SC sickle cell. On the contrary, there were many more vaso-occlusive crises as an indications of caesarean section in SC sickle cell than in SS ones (44.4% vs. 20%; p = 0.04).
Complications were more common in puerperium in sickle cell SS than SC (65.2% vs. 30%; p = 0.000001). These complications are anemia (43.9% vs. 20.6%; p = 0.0004), vaso-occlusive crises (22.7% vs. 13.1%; p = 0.05), urinary tract infection and endometritis (8.3% vs. 1.9% p = 0.02). Acute chest syndrome and eclampsia were found in both SS and SC forms (p > 0.05). Leborgne-Samuel et al. [20] have noticed that the acute chest syndrome was present in both forms but with greater frequency in SS (21% vs. 3.3%). This is a serious complication of sickle cell disease which would be observed, according to Maître et al. [21] and Vishinsky et al. [22] studies, more frequently in the SS form, inducing a mortality of 9% to 25%. In this study, acute chest syndrome has been the leading cause of death in postpartum (40% of SS and 35.71% of SC). It occurs mostly after surgery and is favored by alveolar hypoventilation, hypo hydration, infections and post-operative pain. This implies the need for better management by the anesthesiologist and the mastering resuscitation technics in delivery of women with major sickle cell syndrome.
According to several authors [23] [24], most postpartum complications occurring in sickle cell syndrome could be prevented through prophylactic blood transfusion. In this study, despite the service protocol recommending systematic transfusion to sickle cell patient, only 57.6% of SS patient against 29.4% of SC were transfused (p = 0.00007, OR= 3.2). The lack of financial support, the fear of being transfused and the shortage of blood products at the blood bank of the Sylvanus Olympio University Hospital or at the National Blood Transfusion Centre, might account for this. This tendency to transfuse more SS sickle cell in postpartum was also noticed by Rahimy et al. (54.8% vs. 33 .3% SS) [13] and Leborgne-Samuel et al. (64% SS vs. 3.3%) [20] . the use of blood transfusion to improve the prognosis of pregnancy and childbirth in sickle cell remains controversial. Howard et al. [24] recommended transfusions from 28 weeks of amenorrhea to reduce the maternal and fetal complications in the 3 rd quarter and in the postpartum period. For Koshy et al. [23] , systematic transfusion would be appreciated prior to 28 weeks of amenorrhea for patients with a history of perinatal mortality, preeclampsia, acute chest syndrome, stroke or severe anemia; to reduce the risk of infection and alloimmunization, which complicate subsequent transfusions. But for El Shafei et al. [25] , systematic transfusion cannot improve the obstetric prognosis.
In postpartum, maternal death can be sudden and unexplained or occur in a particular context of management difficulties. It has been recorded during the study period, 15.1% of maternal death among the SS group against 8.7% among the SC (p = 0.11). Maternal deaths were also reported by other authors [10] [26] [27] , making the sickle cell disease a major public health problem for both mothers and newborns. Of 231 births performed during the study period, 67 were from SS genotype mothers and 164 from SC genotype. Fetuses from SC mothers died more than those from SS mothers (7.5% vs. 1.5%; p = 0.05, OR = 0.17). In contrast to these results, more deaths were noticed in utero among SS sickle cell in the studies of Koshy et al. [23] (12% vs. 0.0%), Rahimy et al. [13] (21% vs. 6%).
At birth, most newborns from SS sickle cell mothers weighed less than 2500 g (43.3% vs. 26.8%; p < 0.01, OR = 2.08). Many studies have also noted that newborns from SS mothers weigh less than those from SC mothers; this neonatal weight difference between the two forms (SS and SC) had been found by some authors [14] [18] and is probably caused by chronic anemia which seems to be much observed in SS sickle cell syndrome.
The perinatal mortality rate in this study was 20.9% among newborns from SS mothers against 17.1% among SC mothers. These rates are similar to those of Ogedengbe et al. [28] (23.3% vs. 11.1%), Idrissa et al. [29] (19.5% in HC) and Ashish et al. [30] (20%). Apart from sickle cell disease, some other factors involved in neonatal prognosis could have also influenced the neonatal outcome in this study. The need for systematic monitoring of infant born from major sickle cell mothers in neonatal emergency care unit should be rigorous and the hemoglobin electrophoretic testing of these newborns should be made from the 5th month of life [31] .
Conclusion
According to the study, women carrying the two types of sickle cell disease have been generally affected by complications of childbirth. The carriers of the SS forms have been more at risk of pre-eclampsia, anemia, transfusion, low birth weight and puerperal infection. Maternal mortality was high in both forms and was attributable to acute chest syndrome and decompensation of severe anemia. Perinatal mortality was also very high. More emphasis must be put on pregnancy planning among these women (especially SS forms) and on providing a multidisciplinary monitoring including the hematologist, the resuscitator, the obstetrician and the pediatrician.
